Methotrexate analogues. 13. Chemical and pharmacological studies on amide, hydrazide, and hydroxamic acid derivatives of the glutamate side chain.
Carbodiimide-mediated condensation of 4-amino-4-deoxy-N10-methylpteroic acid (APA) with several alkyl, aralkyl, and aryl amines, in the presence or absence of N-hydroxysuccinimide, was employed in order to prepare new lipid-soluble bis(amide) derivatives of methotrexate (MTX) as potential prodrugs. MTX dianilide was likewise prepared, in comparable yield, from APA and L-glutamic acid dianilide via the mixed carboxylic--carbonic anhydride method. Dihydrazide and bis(N-methylhydrazide) derivatives of MTX were formed readily from MTX diethyl ester. However, reaction with hydroxylamine led to MTX gamma-monohydroxamic acid as the sole isolated product. The bis adduct appears to form, but is unstable during workup. The identity of the product was confirmed by independent mixed anhydride synthesis from APA and the gamma-monohydroxamate of L-glutamic acid. Treatment of MTX dimethyl ester with N,N-dimethylhydrazine unexpectedly yielded MTX gamma-monomethyl ester. MTX dianilide was active against L1210 leukemia in mice, with a +155% increase in life span at a dose of 160 mg/kg given ip in 10% Tween 80 on a q3d X 3 schedule. The bis(p-chlorobenzylamide), bis(p-methoxybenzylamide), and dihydrazide were also active against L1210 leukemia in vivo, but to a lesser extent than the dianilide. The gamma-monohydroxamic acid derivative showed activity (+111% ILS at 40 mg/kg) similar to that of MTX and was found to bind to a partially purified dihydrofolate reductase preparation from L1210 cells with an ID50 of 0.005 microM as compared to 0.007 microM for MTX. In vivo experiments in mice indicated that the pharmacokinetic properties of this compound and of MTX are similar but failed to demonstrate any advantage over MTX in terms of selective uptake into tumor (sc implanted P388 leukemia) or improved penetration of the central nervous system. The activities of the dianilide, bis(benzylamide), and dihydrazide derivatives in vivo are of interest in view of their low toxicity relative to MTX against cells in culture, which suggests that these derivatives are probably acting as prodrugs in the intact animal.